OBJECTIVE: This study examined the reduction in overweight and changes in eating-related behaviours in obese children treated with a family-based approach, in which the parents were the exclusive agents of change. Results were compared to the conventional approach in which children are responsible for their own weight loss. DESIGN: A one-year longitudinal prospective design was used. Participants were randomly allocated for the experimental (parents as the agents of change) or the conventional (children as the agents of change) intervention. METHODS: Sixty obese children (20% over ideal weight for age, height and gender) aged 6 ± 11 y (mean AE s.d. 9.2 AE 1.0 y) were included in the study. Anthropometric measurements and biochemical tests were performed on the children and their parents before and after the programme, and both parents completed a sociodemographic and a family eating and activity habits questionnaire. Hour-long supportaeducational sessions were conducted by a clinical dietitian ± 14 sessions for the parents in the experimental intervention and 30 for the children in the conventional intervention. Individual sessions were held for members of both groups, when necessary. RESULTS: Signi®cant differences were found between the two groups in the reduction of exposure to food stimuli and changes in eating habits (eating while standing, watching TV, reading or doing homework, eating following stress and eating between meals). Mean weight reduction (by percentile) was signi®cantly greater in the experimental intervention group (parent-only treatment) in comparison to the conventional intervention group (child-only treatment). CONCLUSIONS: Treatment of childhood obesity with the parents as the exclusive agents of change, induces more behavioural changes as well as greater weight loss, than the conventional approach.
Introduction
The prevalence of obesity in the developed world has been steadily increasing in the last decades. 1, 2 The most signi®cant causative factor is probably the combination of a sedentary lifestyle and a luxury diet, which is thought to protect and promote fat stores at the individual level. 3 In 1987, Gortmaker et al 4 reported that as many as 25% of American children are classi®ed as obese. Since the relative risk of an obese child to become an obese adult is six to seven times greater than that of hisaher nonobese peers, 5, 6 successful treatment of childhood obesity may serve as an effective approach for the prevention of adult obesity and its related morbidity and mortality. Conventional dietary interventions target obese children with restrictive dietary advice (to reduce energy intake oraand dietary fat intake and improve nutrient density) as well as reduction of sedentary behaviour. Often, behavioural therapies to change poor eating habits are introduced as an alternative or as a promoter to dietary restriction 7 ± 10 . These are based on the assumption that the modi®cation of eating style effects a decrease in energy intake, and this, along with increased activity, reestablishes the energy balance. Individuals receive extensive training on nutrition, exercise, coping skills, cognitive restructuring, stress management and other topics relevant to weight control. Treatment is often given in a group setting to foster social support, maintain a problemsolving atmosphere and provide access to successful models. 11 In most programmes, the obese child is the main agent of change with some inevitable parent involvement.
Parents and adult caregivers, besides serving as role models, exert a powerful in¯uence on young children's eating habits and activities. The powerful in¯uence is due to the fact that parents usually control the children's exposure to food stimuli and to food selection, and they establish the emotional and physical environment in which obesity may or may not be discouraged. 12 Therefore, some authors promote the use of family based interventions when treating children and the parents together, 12 ± 14 or making parental involvement an integral part of the therapy, without targeting the parents for weight loss. 15, 16 The strongest support for the long-term effectiveness for this approach was provided by Epstein et al. 17 Nevertheless, it is noteworthy that even the most successful group in these studies was still 30% overweight and therefore, are still subject to the general social attitudes against fatness. The effectiveness of this familybased approach, although better than the conventional dietary approach, is nonetheless limited. It may have negative psychological consequences because of placing pressure on a child to change their eating behaviours. Unsuccessful control episodes can result in a child with a poor self-image, low self-esteem, guilt and frustration with eating, helplessness about ever controlling his or her weight, and often weight gain. According to Wardle, 3 disturbed control over eating may be caused, maintained or exacerbated by dietary restraint. Hence, restrictive dietary advice may be counterproductive to binge eating, which has been shown to be linked to obesity, 18 ± 22 as well as to a predisposition to adverse psychological effects in general, and eating disorders in particular. 23 ± 25 The increased incidence of these disorders in the last decades and the fact that conventional dietary interventions have failed to affect the prevalence of childhood obesity, suggests that a different treatment approach to childhood obesity is needed. 12 In the present study, we evaluated a family-based treatment wherein responsibility for change in the child's eating behaviour lies exclusively with the parent. We hypothesised that the focus on manipulating the environment using the parents as the main agent of change, strengthening their leadership skills, would help the children to overcome resistance to changes and take the focus off them being identi®ed as the (obese) patient. This would induce both greater behavioural modi®cations as well as a greater decrease in food intake and consequently, more weight reduction compared to the conventional approach. Our assumption was based on preliminary ®ndings by our group, showing greater weight reduction and a lower drop-out rate when parents were the sole agents of changes. 26 Such an approach might also eliminate the possible predisposition to an eating disorder in the long run, an issue which should be examined in the coming years. This report presents the behavioural modi®cations that occurred following the suggested intervention, in comparison with those of a conventional intervention in which the children were designated the primary agents of change.
Subjects and methods

Subjects and protocol
Sixty obese children from the public school system of the middle-class town of Rehovot (population 100 000) in central Israel, were selected to participate in the 12-month programme. Inclusion criteria were: age 6 ± 11 y; weight b 20% over expected weight for age, height and gender; no history of psychiatric contact for children; and both parents living at home and parental agreement to meet all requirements of the study (check-ups, questionnaire, group sessions). The children were randomly assigned to the experimental intervention group (parents as sole agent of change) or to the conventional intervention group (children responsible for change). The two groups were matched for gender and age. The research protocol has been described in detail elsewhere. 26 The study was approved by the Ethics Committee for Human Experimentation of Tel Aviv University, and all parents signed an informed consent form.
Experimental intervention. Only the parents participated in the group sessions. The children were not directly involved in the process of change and had no responsibility concerning this process. The parents were divided into two subgroups of 15 sets of parents, and each subgroup attended 14 one hour group sessions conducted by a clinical dietitian. The ®rst four sessions were held weekly, the next four biweekly, and the last six, once every six weeks. Each family (all members) also attended ®ve 15 min individual sessions at certain points among the last six group sessions, which were held to maintain contact during the intervals between the group sessions. Weight and height measurement of all members were also taken at that time, to emphasise the growth of all the siblings, who were told that their parents were involved in a health promotion course.
All instructions were oriented to the family system. At the sessions, the parents were taught to alter the family sedentary lifestyle, provide a prudent diet (reduction of total and saturated fats, increase of mono-unsaturated fatty acids), decrease the family's exposure to food stimuli, apply behavioural modi®ca-tions and practise relevant parenting skills. Other topics discussed were, limits of responsibilities, parental modelling, cognitive restructuring and coping with resistance. Parent's role was to control the quality and pattern of the food environment, but not restrict the amount of food eaten.
Conventional intervention.
Only the children participated in the group sessions. Each child was prescribed a 6.3 MJad diet. The children were divided into two equal subgroups, with each subgroup attending 30 one hour group sessions conducted by a clinical dietitian. The ®rst eight sessions were held weekly and the remainder biweekly. During these sessions, they were taught how to follow a prudent diet, restrict energy intake, increase exercise, control food stimuli, techniques in self-monitoring, practise problem solving and cognitive restructuring, and make use of social support. Individual counselling was offered Parental role in behavioural changes of obese children M Golan et al when a child missed the group session or needed extra support.
Data collection and measurements
Anthropometric measurements were performed before and after the programme, in the children and their parents. The procedures have been described in detail elsewhere. 25 All parents completed the Social Demographic Questionnaire as well as the Family Eating and Activity Habits Questionnaire, which was developed especially for this study. Relevant literature was reviewed to identify factors that affect obesity and weight loss in children. These factors were divided into four scales and we then designed a questionnaire using these scales, for completion by the parents. The items referred to the responding parents, hisaher spouse and the obese child.
Activity level (four items).
Frequency with which the parent, spouse and obese child engage in physical activity.
Stimulus exposure (eight items).
Presence and visibility of snacks, sweets, cakes and ice-cream in the home; boundaries of child's autonomy in buying or taking these foods.
Eating related to hunger (four items). Person in family who initiates eating, eating and hunger. They were also asked what would they do and what would they suggest the child do if he or she is not hungry during meal times; eating (during mealtimes) when not hungry.
Eating style (13 items). Eating while standing at the open refrigerator or from the pot, while watching TV or doing homework or reading, following stress and between meals; second helpings; parental presence when the child is eating.
The content validity (completeness of criteria, clarity and suitability of scoring) was evaluated by a team of ten experts in epidemiology, pediatric medicine, internal medicine, health education, nutrition, psychology and sociology. All were informed about the objectives of the study and of the questionnaire. Cronbach's alpha was calculated to test internal consistency. Only the items with a signi®cant correlation (P`0.05) were retained. Mean correlation coef®cient (r) was 0.83. To test its reliability, the questionnaire was administered on two occasions, three weeks apart, to 40 persons not enrolled in a formal weight loss programme. The Pearson correlation coef®cients were computed between test and retest scores for individual items and for the total score, and ranged from 0.78 ± 0.90 (median 0.84) (P`0.01 for all). The total score test-retest correlation coef®cient (r) was 0.85 (P`0.01).
Food intake. Food intake was measured by sevenday food records, kept by the parents in each family and validated by a 24 h recall, performed by the clinical dietitian at baseline and after the intervention. The mean daily consumption of nutrients was calculated and processed by a special software programme, Nutritionist III, version 6 (N-Square Computing, OR, 1990).
Data analysis
The SPSSX programme (version 4.1) was used for statistical analysis. Data obtained in the two groups were compared with the chi-square test, t-test, and analysis of covariance (ANCOVA). Multivariate analysis of variance (MANOVA) was used to compare data within individual sets of parents. Pearson's correlation coef®cient tests were used to determine the relationship between variables. Values of P`0.05 were considered statistically signi®cant. All results are given as a mean AE s.e.m.
Results
The baseline characteristics (mean AE s.e.m.) of the two studied groups, were described in a previous publication. 26 In brief, there were no signi®cant intergroup differences in mean age (9 y), height (138 cm), weight (45 kg) and percent overweight (39%) of the children or in mean age (mothers 38 y, fathers 41 y), height, weight and overweight-for-height of the parents (mothers 22%, fathers 27%). In the experimental group, 15 mothers and 21 fathers were obese (!20% overweight), and in the conventional intervention group 12 mothers and 17 fathers were obese. There were also no differences in socioeconomic status, parental education and occupation.
In both groups the agents of change (parents vs children) attended 70% of the visits.
Weight loss
Children in both groups showed a signi®cant decrease in degree of overweight (t 7.35; P`0.001 and t 3.74; P`0.01, respectively), although, the change was signi®cantly greater in the experimental intervention group (14.6% vs 8.4%) F(1,57) 5.0; P`0.05. The increase in height over the 12-month programme was similar in the two groups.
Behavioural changes
Activity level. The time spent bicycle riding, walking, swimming, performing gymnastics, dancing, playing tennis or engaging in other sports, was compared between the groups (Table 1) . Children of both groups spent about 3 h (s.d. 2.5) a week performing Parental role in behavioural changes of obese children M Golan et al these activities. Both programmes failed to signi®-cantly increase the mean weekly duration of physical activity. In the experimental intervention there was a trend toward increased activity, but it did not reach statistical signi®cance. Mean maternal physical activity, similar in the two groups before the study, increased signi®cantly in the experimental group (t 2.97, df 25; P`0.01), although paternal physical activity (approximately one hour per week) showed no change in either group.
Television viewing. Mean time spent watching television was approximately 3 had for children and 2 had for parents in both groups, before and after the intervention (Table 1) .
Stimulus exposure. We examined exposure to four types of food stimuli: snacks, sweets, cakes and icecream. Both parents were asked separately about the presence of these items in the home. One-way MANOVA analysis showed a high overall similarity between each set of parents [F(4,53) 1.14, not statistically signi®cant (NS)], and the Pearson's correlation coef®cients were high (r 0.74 ± 0.94). Therefore, here we include only the mean of the reports of the two parents. Figure 1 shows the number of these items in the home before and after the intervention for each group. Before the programme, there was no signi®cant difference between the groups, after the intervention, a signi®cant reduction in all four was reported by the experimental intervention group (snacks: t 8.33; df 29; P`0.001; sweets: t 5.0; df 29; P`0.001; cakes: t 3.46; df 29; P`0.01; ice-cream: t 4.81; df 29; P`0.001), and a reduction in one (ice-cream) by the conventional intervention group (t 4.07; df 29 P`0.01). One-way MANCOVA showed a signi®cant difference between the groups in the overall reduction of food stimuli in the home [F(4,51) 3.06; P`0.05] and in the reduction of snacks, sweets and cakes speci®cally [F(1,54) 11.9; P`0.001; F(1,51) 6.13; P`0.05; F(1,54) 4.46; P`0.05, respectively].
The children's behaviour with reference to these food stimuli, was also measured. Parents in both groups initially reported similar rates for their children's requesting permission to take or to buy snacks and sweets (r 0.44 for taking, and r 0.68 for buying). At termination of the programme, a signi®-cant increase in the children's asking permission on both counts was noted only in the experimental group (t 5.77; P`0.001 for taking and t 2.85; P`0.01 for buying). The difference between the two groups in this behavioural change was signi®cant (MANCOVA) [F(1,56) 10.17; P`0.001 for taking without permission; F(1,56) 6.66; P`0.05) for buying without permission].
Regarding the visibility of these stimuli, 81% of the parents reported that the snacks and sweets at home are hidden. The two groups were similar for this factor by chi-square analysis.
Eating related to hunger. In the experimental intervention group, 89.7% of the parents claimed that they ask the child if heashe is hungry when the child requests food, compared to only 55.2% of the parents in the conventional intervention group (w2 6.62, df 1; P`0.01). When children claimed not to be Figure 1 Presence of food stimuli in the home (mean number of items AE s.e.m.) before and after the experimental intervention and conventional intervention .
* P`0.05 ** P`0.01, t-test for paired samples to compare difference between baseline and after one year. ab P`0.05, ac P`0.01, probability of one-way ANCOVA for difference between groups in reduction of stimuli in the home.
Parental role in behavioural changes of obese children M Golan et al hungry at family mealtimes, only 33% of the parents in the experimental intervention group told the child to eat anyway vs 61% of the parents in the conventional intervention group. The remainder told the child not to eat or asked himaher to sit with the family and eat only a small portion (w2 2.53, df 1; P b 0.05, NS).
Eating style. Parents were asked how often their children eat while standing in front of an open refrigerator or from the pot; while watching TV or doing homework or reading; following stress (anger, frustration, boredom); and between meals. Frequency was scored from 0 (never) to 4 (always). One-way MANOVA yielded no signi®cant differences between the reports of each set of parents [F(4,54) 0.61;NS], so the mean values of both parental reports were used for analysis. Figure 2 shows the frequency of these behaviours before and after the intervention in both groups. There was a signi®cant reduction in each of the four negative eating styles in the experimental group; but only in eating between meals in the other group. One way MANCOVA yielded signi®cant differences between the groups in overall change of eating habits following the intervention [F(4,44) 3.59; P`0.05]. The overall reduction in prevalence of poor eating habits was signi®cantly greater in the experimental intervention group.
To further validate the parental reports about frequency of eating while watching TV or doing homework or reading, the parents were asked how often the child eats outside the dining room (that is, in the TV room, living room or bedroom). ANCOVA yielded signi®cant between-group differences in the reduction of eating outside the dining room after the intervention [F(1,55) 3.73; P`0.05]. The reduction in eating outside the dining room was signi®cant only in the experimental intervention (t 3.19, df 28; P`0.01).
Analysis by Pearson's correlation, showed a positive relationship between the children's reduction in overweight and the reported changes in the following: presence of food stimuli in the house, eating while standing, eating while doing another activity, eating following stress situations, eating between meals, place of eating and activity level. The r and P values are given in Table 2 .
Overall, the contribution of the different behavioural changes to the overweight reduction was similar in both groups (Fisher's Z transformation).
Using multiple-step regression analysis, we found that the behavioural changes explained 27% of the variance in overweight reduction. The main contribution was made by the elimination of eating between meals and eating while doing another activity ( Table  3 ). The regression formula predicting overweight reduction was:
where X 1 is the change in eating between meals and X 2 is the change in eating while doing another activity.
Other ®ndings included a signi®cant reduction in the rate of eating, following the intervention, was observed only with the experimental intervention (t 2.69, df 29, P`0.05 vs t 0.46, df 28, P b 0.05) and a signi®cant reduction in the request for second helpings at mealtimes (P`0.05), reported by both parents in both groups. This reduction was signi®cantly greater in the experimental group [F(1,39) 4.22; P`0.05]. P`0.001, probability of t-test for paired samples to compare the difference between baseline and one year after intervention; ab P`0.001, probability of one-way ANCOVA for difference between groups in reduction of stimuli in the home. Parental role in behavioural changes of obese children M Golan et al
Energy intake
Mean energy intake at baseline was 9.5 MJad in both groups and decreased signi®cantly by the end of the programme (P`0.00, analyzed by paired t test) reaching an average of 75% and 89% of the recommended daily allowance (RDA) in the experimental and conventional groups, respectively. This reduction in energy intake was statistically signi®cantly greater among the children in the experimental group by ANCOVA [26.5% vs 17%, F(1,44) 13.5; P`0.001]. The observed decrease in energy correlated with the decline in exposure to food stimuli at home (r 0.43; P`0.01) and the reduction in poor eating behaviour (eating while standing, eating while doing another activity, eating following stress situations and eating between meals) (r 0.32; P`0.05).
Discussion
We noted a signi®cantly greater weight loss and behavioural change among children who participated in the family-based experimental programme, where the parents were the sole agents of change, than in the conventional programme, where the children were the agents of change. This supports the basic study hypothesis. The behavioural changes explained 27% of the variance in overweight reduction. The remaining variance was explained by type of intervention (7%), level of attendance in the group meeting (13%), interaction between type of intervention and attendance in the group meetings (5%) and other unknown factors (48%). Our results are consistent with previous reports, indicating the importance of a multifaceted behavioural treatment programme in inducing weight loss in children. 27, 28 Epstein et al, 29 in their correlation analyses, also suggest that the improvement in the behaviours targeted during treatment, was related to long-term success. Successful outcomes, with a focus on modi®cation of eating habits rather than on dietary restriction, have also been reported by others. Nader et al 30 described an intervention programme to reduce cardiovascular risk factors among Mexican-and Anglo-Americans, by family-based education. Their goals were not directed toward weight loss, but toward a more healthy selection and consumption of foods, and an increase in regular physical activity. They too, stressed family interaction and mutual support. Signi®cant physiological effects and behavioural changes were noted, which persisted three years following cessation of the intervention programme.
Our approach opposes that of Epstein et al 17 and Israel et al, 14 who advocate more child involvement in weight-loss programmes. Indeed the latter authors conceded that this has only a short-lived effectiveness at best, since at both one-and three-year follow-up assessments, a pattern of weight gain was noted, and most of the children failed to achieve non-obese status. Johnson and Birch 31 and Evers, 32 argue that parental strategies for controlling their child's food intake are counterproductive to the development of the child's ability of self-regulation. Evers 32 claims that by allowing children to make decisions about what and how much to eat, parents empower children to self-regulate their eating. We maintain that it is the parent's role to offer a variety of healthy foods, oversee the planning and assembly of meals, and set the schedule for meals and snacks. Since obesity has been declared a health hazard, parents must control the quality and pattern of the food environment; however, they should not restrict the amount of food the child eats during meals.
The medical literature is replete with studies of obesity-enhancing behaviours in children. The majority of authors agree that obesity would be limited were children to eat only when hungry. 3, 15 Most nonproductive food intake occurs for reasons other than hunger: boredom, stress, social pressure, etc. To limit these opportunities, in our study, we con®ned eating to the`®ve onlys'-only in the dining room, only while sitting, only from a proper plate, only when not doing anything else and only when hungry. A signi®cant change in eating style was observed in the experimental intervention group, but not in the conventional intervention group, and there was a signi®-cant correlation between improved eating habits and overweight reduction (r 0.45, P`0.001), as well as a reduction in energy intake (r 0.32; P`0.05). This con®rms our hypothesis of an association between behaviour modi®cation, food intake and consequent overweight loss, and hence may contribute to the superiority of the experimental intervention.
Leisure time is an important determinant in children's weight balance. A linear relationship exists between the hours of daily television viewing and childhood obesity, 33, 34 owing to the more sedentary life-style encouraged by watching television and the greater exposure of the viewer to advertisements promoting food products. However, the effect of exercise on weight reduction is controversial.
± 37
Epstein 38 found that exercise did not enhance the effect of dieting alone after six or 12 months, whereas Klesges et al 33 observed that parental encouragement of physical activity, signi®cantly correlated with the child's participation in such activity and hisaher relative weight. We believe good exercise habits are important in weight management, especially in those obese children who apparently do not eat more than normal-weight children. 34 Unfortunately, in the present study, neither group showed an increase in physical activity or a reduction in television viewing time. Similar results have been reported for other behavioural programmes. 36, 39, 40 Our results con®rm studies emphasizing the essential role of the parents in changing children's eating habits.
14,15, 41 Barnstuble et al 42 note that the single best predictor of weight loss in an adult behaviour modi®cation programme, was the change in food Parental role in behavioural changes of obese children M Golan et al consumption. Extrapolating from these ®ndings, we assumed that the presence and availability of unsuitable foods in the home is one of the main obstacles obese children face when trying to lose weight, and that it is the parents who have major control over planning meals and reducing between-meal snacks. By educating and encouraging the parents, we found that the children did indeed eat less between meals because there were fewer temptations. Moreover, house rules were unequivocal and applied to everyone in the family. This proved to be very important in view of the fact that the children in the conventional intervention group received the same instructions but failed to follow them. We believe they felt stressed by their parents' singling them out and pressuring them to change, this in turn increased their resistance to change, especially when there was no parental model to mimic. This was re¯ected in the smaller decrease in energy intake observed in the conventional group, compared to the experimental group. Furthermore, in the experimental intervention group, whenever the children wanted to eat, they were asked ®rst whether they were really hungry in order to implant in their mind the necessary association between eating and hunger. In this group, there was also a signi®cant reduction in the incidence of the children taking or buying foods without permission; by contrast, in the conventional intervention, some of the children were caught stealing sweets. We expected the parents to serve both as model and mediator. Most succeeded in mediating changes on the family level regarding availability of undesirable foods, eating only in the dining room and allocation of sweets or snacks. However, they apparently failed to model these behaviours, since no signi®cant reduction in parental weight was noted after the intervention, and there was no correlation between change in parental eating behaviour and the children's overweight reduction. Similar ®ndings have been reported by Epstein et al 17 who conclude that parental modelling does not account for the child's outcome.
Haddock et al 43 in a meta-analysis of 41 articles on childhood and adolescent obesity, graded parental participation in childhood obesity programmes as: high ± family involved in all aspects of treatment (including attending treatment sessions) dietary choices and behavioural modi®cation techniques; medium ± family involved in many components of treatment, but the child was solely responsible for some signi®cant aspects, such as dietary choices; and low ± parents minimally involved in treatment, such as attending some sessions and providing encouragement. They hypothesised that the greater the parental participation, the more effective the treatment.
However, categoral tests indicated no signi®cant contribution of the treatment-control effect. They concluded that since parental involvement is not necessarily a component of childhood obesity programmes, it should be reduced to a minimum in view of the high cost of parental training.
The approach suggested in our work offers an answer to these arguments, although further research needs to be done to compare the effectiveness of the parent only approach with the parent and child approach, as well as the psychological consequences in the long run.
Moreover, investigations of parental compliance are required. Poor adherence to the parental role is an important factor that apparently needs improving to extend the effectiveness of the programme. Our model is very parent-demanding and sometimes very dif®-cult to achieve if both parents work outside the home. Nevertheless, we believe it holds considerable promise in the primary and secondary prevention of childhood obesity (and subsequent adult obesity) within the framework of health care systems.
Conclusions
Since our results support the argument that parents play an important role in the weight status of their children, intervention for obesity should be familybased and focus on modifying eating habits rather than on dietary restriction. We suggest that the responsibility for behavioural change in the obese young child should lie exclusively with the parent. We found that this approach induced a greater reduction in energy intake, improved eating habits in the home, reduced temptations in the home and resulted in more weight loss than when the children were given the responsibility for changing. Further research should investigate the long-term maintenance of this change and the longterm effects on siblings of obese children.
